During early neurogenesis in Drosophila, Notch signalling leads to the Su(H)-dependent transcription of several genes of the Enhancer of split (E(spl)) complex [7, 8] . To determine whether the postulated intracellular form of Notch, N intra (amino acids 1791-2703 of Notch), can activate the transcription of target genes of Su(H) in vivo, we analysed the effect of a Gal4-N intra fusion protein on the expression of a lacZ reporter gene that was coupled to the m5 gene of the E(spl) complex (E(spl)-m5), in which all four Su(H)-binding sites were substituted by upstream activator sequence (UAS) elements (Figure 1a,b) .
First, we established that the DNA-binding domain of Gal4 did not interfere with the function of N intra . Expression of N intra [4] in the developing notum has previously been shown to block neural differentiation, resulting in a bristle-loss phenotype [9] . Overexpression of Gal4-N intra had a similar effect (Figure 1c,d) . We conclude that Gal4-N intra , like N intra , behaves as a constitutively activated form of Notch.
We then examined the regulatory activity of Gal4-N intra . A fragment of the promoter from the E(spl)-m5 gene (nucleotides -897 to +20) conferred upon a lacZ reporter gene the same dynamic expression pattern as the endogenous gene at stages 9-10 of embryogenesis ( Figure 2a ). This DNA fragment contains four Su(H)-binding sites that are strictly required for Notch-dependent regulation [8] . Replacement of all Su(H)-binding sites by Gal4-binding sites in the UAS-m5-lacZ reporter construct (Figure 1a ) abolished lacZ expression in the neuroectoderm (Figure 2b) . Expression of Gal4-N intra restored this expression in a subset of neuroectodermal cells. This was seen with both heat-induced and basal levels of Gal4-N intra expression (Figure 2c,d) . N intra , in contrast to Gal4-N intra , failed to induce UAS-mediated transcription, showing that transcriptional activation by Gal4-N intra required DNA binding (data not shown). Although Gal4-N intra was presumably expressed in all cells following heat shock, transcriptional activation was restricted to the neuroectoderm in stage 9-10 embryos. This specificity may in part be imposed by the E(spl)-m5 regulatory sequences included in the reporter construct, as ubiquitous expression of full-length Gal4, using the daughterless-Gal4 driver line [10] , also preferentially induced UAS-m5-lacZ expression in the neuroectoderm (data not shown). Thus, the observation that Gal4-N intra activated transcription in Drosophila embryos confirms and extends previous results from transfection studies in mammals, demonstrating that the intracellular domain of Notch can activate transcription [2, 11, 12] .
We next examined whether Delta (Dl) activity was required for regulation by Gal4-N intra . Figure 2e shows that Gal4-N intra activated UAS-m5-lacZ expression in a Dl-mutant embryo, consistent with the idea that signalling by activated Notch involves transcriptional regulation. Unexpectedly, no significant lacZ expression was detected in these embryos (Figure 2f) , showing that Gal4-N intra required Su(H) activity to regulate transcription. As all known Su(H)-binding sites have been deleted in the UAS-m5-lacZ construct, this suggests that Su(H) may not only target N intra to the DNA but also have an additional function. For instance, Su(H) may be required to protect processed Notch from degradation [13] , or participate in transcriptional activation together with processed Notch.
If signalling involves Notch as a transcriptional co-activator for Su(H), then a nuclear form of Notch has to be generated following receptor activation at the membrane. To test whether Notch can be processed in response to ligand binding, the nuclear-activity assay described above was used to examine whether a proteolytic fragment, similar to Gal4-N intra and active in the nucleus, can be generated from a membrane-bound form of Notch (Figure 3a ). Intracellular cleavage has been suggested to occur within either the transmembrane domain or the first 10 amino acids of the intracellular domain [3] . A full-length Notch, containing Transcriptional activity of Gal4-N intra . In situ hybridization analysis of whole-mount embryos using a lacZ probe. (a-f) Lateral views of stage 10 embryos of the following genotypes: (a) m5-lacZ/+; (b) UAS-m5-lacZ/+; (c,d) UAS-m5-lacZ/hs>Gal4-N intra (in panel c, the embryo was exposed to a 20 min heat shock at 37°C, followed by 20 min at 25°C; in panel d, no heat shock was applied); (e) Dl revF10 UAS-m5-lacZ/Dl 9P39 hs>Gal4-N intra ; (f) Su(H) SF8 FRT40A/Su(H) AR9 UAS-m5-lacZ; hs>Gal4-N intra /+ mutant embryos derived from maternal Su(H) germ-line clones [8] . In (c-f), the FRT-polyA-FRT cassette was removed by Flp-mediated recombination in males carrying a β2-tubulin-flp transgene [9] (the frequency of excision was 0.6). The faint, out-of-focus, striped pattern seen in (b) is due to the expression of UAS-m5-lacZ in the tracheal pit anlagen (see Figure 4a ). The abbreviations are: wt, wild type; +hs, heat shock applied; -hs, no heat shock applied. Gal4-N intra -hs Gal4-N intra -hs
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a Myc-epitope-tagged version of the Gal4 DNA-binding domain 27 amino acids carboxy terminal to the transmembrane domain, that is, downstream of the putative cleavage site, was engineered (Gal4-N fl ; Figure 3d ). Expression of Gal4-N fl was regulated by a fushi tarazu (ftz) promoter. In the parental ftz>lacZ>Gal4-N fl transgenic lines, lacZ was expressed in the neuroectoderm of stage 9-10 embryos (Figure 3b) . The FRT-lacZ-FRT cassette was then removed by Flp-mediated recombination, and stable ftz>Gal4-N fl lines were established [9] .
The unprocessed form of Notch is the major immunoreactive species detected by western blot analysis in stage 9-11 embryos using C17-9C6 anti-Notch antibody that has been raised against the intracellular form of Notch ( Figure 3c , arrow in lanes 1,2). Full-length (300-320 kDa) Gal4-N fl was specifically detected using anti-Myc antibodies in ftz>Gal4-N fl embryos (Figure 3c, lane 4) . A novel 130-140 kDa species that reacted with both antiNotch and anti-Myc antibodies was seen in ftz>Gal4-N fl but not in control embryos (Figure 3c , arrowhead in lanes 2,4). This species might correspond to the membrane-bound fragment of the functional heterodimeric receptor [14] . The intensities of the 300-320 kDa endogenous Notch and Gal4-N fl bands relative to the novel 130-140 kDa band were similar ( Figure 3c, lanes 2,4) . We conclude that Gal4-N fl , like endogenous Notch, mainly accumulated as an unprocessed form, and that Gal4-N fl was no more abundant than endogenous Notch.
Next, we examined whether Gal4-N fl activated transcription from the E(spl)-m5 promoter in a UAS-dependent manner. The UAS-m5-lacZ reporter construct was not expressed in the ventral neuroectoderm at stage 10 ( Figure 4a ). Transcriptional activation occurred in a subset of the cells expressing Gal4-N fl ( Figure 4b ). Thus, Gal4-N fl , like Gal4-N intra (Figure 2d ), regulated transcription from the E(spl)-m5 promoter in a UAS-dependent manner. This implied that a Gal4-containing proteolytic fragment must be released from the membrane and translocated into the nucleus in vivo.
As Gal4-containing fragments might be produced by proteolysis of Gal4-N fl that is unrelated to Notch signalling, it was essential to verify that Gal4-N fl -mediated transcription required activation of the receptor at the membrane. We thus examined the expression of the UAS-m5-lacZ reporter gene in Dl-mutant embryos expressing Gal4-N fl .
No lacZ expression was detected in the ventral neuroectoderm in these embryos (Figure 4c ). This contrasts with the Gal4-N intra -mediated transcription, which was shown to be Dl independent (Figure 2e ). Reduced UAS-m5-lacZ expression in Dl-mutant embryos might, however, result from neurogenic cell-fate transformations associated with loss of Dl activity. To investigate this possibility, transcriptional activation by Gal4-N fl was examined in embryos carrying a deletion of the E(spl) gene complex. These neurogenic embryos are defective in their response to Notch signalling [4] , but not in transducing the signal. Figure 4d shows one such mutant embryo at late stage 10 in which Gal4-N fl protein activated UAS-m5-lacZ transcription. This indicates that neurogenic cell-fate transformations do not prevent Gal4-N fl nuclear activity per se. We conclude that transcriptional activation by Gal4-N fl is Dl dependent.
The nuclear-activity assay described in this report suggests that a ligand-dependent, intracellular processing of an engineered Notch protein, Gal4-N fl , occurs in vivo. We suggest that the binding of Dl to Gal4-N fl might modify Gal4-N fl such that it becomes available as a substrate for
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Figure 3 an intracellular proteolytic activity. This indirect assay did not allow us to detect processed Gal4-N fl , however, nor to determine its structure and the position of the cleavage site. Still, detection of a nuclear activity implies that the cleavage site must reside between the Gal4 DNA-binding domain and the transmembrane domain. Consistent with this hypothesis, an activated version of murine Notch1 is processed intracellularly at a conserved valine residue (Val1744, which corresponds to Val1763 in Drosophila) located at the carboxy-terminal extremity of the transmembrane domain [13] . Val1763 and flanking sequences are present in Gal4-N fl .
Although the fate of the endogenous receptor could not be investigated by this indirect assay, our results suggests that Notch signalling involves intracellular processing of the receptor upon ligand activation, nuclear translocation of the processed form, and, together with Su(H), transcriptional activation by this intracellular domain of Notch. This proposed mechanism has important implications for signal specificity, signal thresholds, signal integration and signalling dynamics. For instance, ending of signalling might require the proteolytic degradation of processed nuclear Notch.
The demonstration that intracellular processing can mediate signalling now awaits genetic analysis of this proteolytic activity. The nuclear-activity assay described in this study may be extremely useful in identifying mutations specifically affecting this process.
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Figure 4
Transcriptional activity of Gal4-N fl . In situ hybridization analysis of whole-mount embryos using a lacZ probe. 
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